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(54) Method for mounting chip components and apparatus therefor 



(57) The present invention relates to a method and 
apparatus for mounting chip components at specific po- 
sitions, preferably on a substrate such as a printed cir- 
cuit board. In order to be capable of both clearly distin- 
guishing any miswork or assembling error caused by im- 
proper installation of the attracting nozzle on the head 
unit and recognising an improper attracted state of the 
component in the subsequent mounting procedure it is 
suggested to determine in the main operation the at- 
tracted state of the chip component by measuring the 
projected width of the chip component within the detec- 
tion area comprised of parallel light beams while rotating 
the chip component and detecting a projected width 
minimum value of the chip component. Furthermore, an 
apparatus is suggested in order to form the above men- 
tioned method. 




FIGURE 1 
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Description 

The present invention relates to a method and apparatus for mounting chip components such as electronic com- 
ponents like IC's etc., accurately at specified positions, specifically on the printed substrate. 
5 The applicant has already proposed a component mounting apparatus adapted for attracting a component, such 

as a chip component from a component feeding section such as a tape feeder etc., by a component mounting head 
unit equipped with at least one attracting nozzle, transferring said component to the printed substrate disposed at a 
mounting position and mounting the component at the desired position on the substrate. Said apparatus provides a 
head unit movable in both X-axis and Y-axis directions whereas the attracting nozzle is movable in the Z^axis direction 
io while being rotatable. Moreover, driving mechanisms are provided for transfers and movements of the mounting head 
as well as of the nozzle in various directions and for rotation of the nozzle, these driving means including vacuum 
supplying means for generating sucking vacuum at the nozzle for attracting the components are controlled by a con- 
troller section so that the chip component can be attracted and mounted automatically. 

It has already been proposed that the chip component in its attracted state is detected by an optical detecting 
is means to decide whether the chip component is attracted normally or not so that discrepancies in the attracting position 
of the chip component can be recognised and overcome. 

In some modification of said apparatus, it has already been proposed also that a plurality of attracting nozzles is 
mounted at the mounting head unit. 

However, it is desirable that attracting nozzles correspond to the kind of chip components to be mounted and the 
20 most appropriate attracting nozzles among a plurality of different types of attracting nozzles having different nozzle 
diameters etc., be selected and installed in the head unit when the kind of chip components to be mounted changes 
adapting the selection of attracting nozzles to such changes correspondingly. The installation and exchange of attract- 
ing nozzles on the head unit is carried out either manually or automatically between a nozzle exchanging station and 
the head unit. 

25 At such apparatus, in case where miswork or an assembling error arises while installing the attracting nozzle on 

the head unit, various troubles might be caused. For example, in the case where there are errors occurring in respect 
to the installing position of the attracting nozzle or the installing angle or there are other installing errors caused by a 
bend or misalignment of the attracting nozzle, the subsequent mounting procedure suffers from lacking accuracy and, 
for example, a decision as to whether the component has been properly attracted or not cannot be made efficiently. 

30 Moreover, in the process of installing or exchanging an attracting nozzle on the head unit a wrong attracting nozzle 
could erroneously be used, i.e., an attracting nozzle different from the proper one attributed to the chip component to 
be attracted and mounted. Such a mistake can not only be caused during manual operation but also even during 
automatic nozzle exchange by erroneously inputting the designation of the nozzle. In the case such a mistake is over- 
looked, troubles such as successive occurence of defective attractions can be caused during the subsequent mounting 

35 operation. 

In view of the afore-indicated deficiencies, the present invention aims to prove an improved method for mounting 
chip components capable of both clearly distinguishing any miswork or assembling error caused by improper installation 
of the attracting nozzle on a head unit of the apparatus and clearly distinguishing any improper attracted state of the 
component occurring in the subsequent mounting procedure. 

40 Moreover, it is another objective to provide an improve mounting apparatus which allows both mismounted or 

misaligned attracting nozzles disposed on a mounting head to be recognised, to attribute the proper attracting nozzle 
to mount a corresponding component chip and to assure a smooth mounting procedure by recognising the attracted 
state of the component, preferably adapted to perform the afore-indicated method. 

According to the present invention, the above-identified objective, in terms of the method features of the preamble 

45 portion of claim 1 is performed in that in the main operation the attracted state of the chip component is determined 
by measuring the projected width of the chip component within the detection area comprised of parallel light beams 
while rotating the chip component and detecting a projected width minimum value of the chip component. 

Accordingly, the attracting condition of the chip component is monitored by means of detecting a projection width 
of the chip component under rotation about the longitudinal axis of the attracting nozzle and, therefore, improper at- 

50 tracting state can be discriminated and the mounting cycle can be interrupted removing the deficiency and the mounting 
cycle can be restarted. Furthermore, in case of miswork or an assembling error in installing a respective attracting 
nozzle on the head unit, same can be detected in a preparatory stage before the main operation of the mounting 
process and the improper state caused by assembly faults is eliminated or an adjustment to compensate for any 
assembling error is made on the basis of the nozzle element detection process and the decision based thereon. 

55 Preferred embodiments of said recognizing and fault correcting preparatory steps of the mounting method accord- 

ing to the present invention are laid down in the further subclaims. 

According to the method of the present invention and its advantageous developments, any improper installation 
of an attracting nozzle at the head unit is distinguished and corrected, prior to the commencement of the essential 
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main mounting operation. 

Finally, even in the case there is a discrepancy between the detected diameter of the attracting nozzle and a stored 
reference value which is specific for the applied nozzle, because of an assembling error, the detected diameter value 
is accurately corrected on the basis of a comparison to a diameter reference so that a correction amount is calculated. 

5 In order to perform the above indicated objective in terms of an apparatus for mounting the chip components at 

specific positions comprising the features as indicated in the preamble portion of claim 8, according to the present 
invention, the optical detecting means includes means for detecting the projection of the chip component by parallel 
light beams emitted from a beam emitting portion and received by a light beam receiving portion provided on the head 
unit, the apparatus further comprising means for raising or lowering the attracting nozzle, servo motors for moving the 

10 nozzle and the chip component attracted thereto within the parallel light beams in a direction in line with the parallel 
light beams and in a direction perpendicular thereto, means for rotating the nozzle and the chip component attracted 
thereto, and calculating means for calculating projected width data, while position detection means detect the rotational 
position of the chip component which is varied in order to measure the projected width minimum value of the chip 
component. 

15 Further preferred embodiments of said apparatus, according to the present invention, specifically adapted to per- 

form the afore-indicated method are laid down in the further subclaims. 

I n the following, the present invention is explained in greater detail by means of several embodiments of the present 
invention in conjunction with the accompanying drawings: 

20 Fig.1 is a plan view of a component mounting apparatus according to an embodiment of this invention, 

Fig.2 is a front view of the apparatus above, 

Fig.3 is an enlarged side view of a head unit for component mounting, 
Fig.4 is an enlarged front view of a nozzle exchanging station, 
Fig. 5 is a block diagram showing a control system, 
25 Fig.6 is a flow chart showing the exchange of the attracting nozzle and the process for deciding whether the 

exchange is normal of abnormal, 

Fig.7(a) is an explanatory illustration showing the nozzle position while the nozzle diameter is being detected, 
Fig.7(b) is an explanatory illustration showing the state of the attracting nozzle irradiated with laser beam, 
Fig. 8 is a flow chart showing the practical procedure for attracting and mounting components, 

30 Fig. 9 is an explanatory illustration showing the state while detecting the chip component projection width, 

Figs.10(a) through 10(c) are illustrations showing attracted states of the chip component among which FigJO(a) 

shows a normal state while Figs. 10(b) and 10(c) show abnormal states, 

Fig. 11 is an illustration for showing how to obtain the mounting position correction amounts, etc. 

Fig. 12 is a schematic perspective view of a chip component having a special shape, 

35 Fig.l3 is part of a flow chart extracted for showing the process for deciding the attracted state in the case of a chip 

component having a special shape, 

Fig. 14 is a block diagram showing the structure of another main controller in the control system of an apparatus 
Fig.1 5 is a flow chart showing the process as the reference nozzle height detecting means, 
Figs. 1 6(a) and 1 6(b) are expianatory illustrations for describing the operations in the flow chart of Fig.1 5, 
40 Fig. 17 is an explanatory illustration for the calculation of the recognizing height, 

Fig. 18 is a flow chart showing the process as the rotation center detecting means, 

Fig. 19 is an explanatory illustration showing the discrepancy between the rotation center and the nozzle center, 

Fig.20 is an explanatory illustration showing the locus of the nozzle center and the rotation center, and 

Fig.21 is an explanatory illustration showing the displacement of the nozzle center versus the nozzle rotation angle. 

45 

An embodiment of this invention is described referring to appended drawings. 

Figs.1 and 2 show the overall structure of a component mounting apparatus according to an embodiment of this 
invention. As shown in these drawings, on the base 1 is disposed a conveyer 2 for conveying printed substrates 3, and 
the printed substrate 3 is conveyed on the conveyer 2 and is stopped at a definite position on the mounting station. 

50 On the sides of the conveyer 2 are disposed component feeding sections 4 provided with multiple rows of feeder 

tapes 4a, each of which contains and holds chip components such as ICs, transistors, condensers, etc., at regular 
intervals and is wound round a reel. A ratchet type send-out mechanism is incorporated at the send-out end 4b of the 
feeder tape 4a so that the feeder tape 4a may be intermittently sent out and the pick-up operation may be repeated 
as a chip component 20 is picked up from the send-out end 4b by the head unit 5. 

55 The head unit 5 adapted for transferring both in the X axis direction (direction of the conveyer 2) and in the Y axis 

direction (direction perpendicular to the X axis direction on a horizontal plane) is installed above the base 1 . 

That is, while a pair of fixed rails 7 extended in the Y axis direction across the conveyer 2 are disposed on the 
base 1 in parallel with each other keeping a specified distance therebetween, a bail screw 8 to be rotated by a Y axis 
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servomotor 9 is disposed near one fixed rail 7 as the feed mechanism in the Y axis direction. A support member 11 for 
supporting the head unit 5 is movably supported on both fixed rails 7 , and the nut portion 12 of the support member 
1 1 at one end thereof is in screw-engagement with the ball screw 8 so that the support member 1 1 may be transferred 
in the Y axis direction by the rotation of the ball screw 8. The Y axis servomotor 9 is provided with Y axis position 

s detecting means 1 0 constituted of an encoder. 

The support member 1 1 is, while being provided with guide rails 1 3 extended in the X axis direction, equipped with 
a ball screw 14 disposed near the guide rails 13 and an X axis servomotor 15 for rotating the ball screw 14 as an X 
axis direction feed mechanism. The head unit 5 is movably supported on the guide rails 13, and the nut portion 17 
provided on the head unit 5 is in screw-engagement with the ball screw 14 so that the head unit 5 may be transferred 

io in the X axis direction by the rotation of the ball screw 14. The X axis servomotor 15 is provided with X axis position 
detecting means 16. 

The head unit 5 has attracting nozzles 21 for attracting chip components 20 installed thereon for up-down transfer 
and rotation. In this embodiment, the head unit 5 has a mounting member 22 supported for transfer on the guide rails 
1, a head 23 installed on the mounting member 22 for up-down transfer and attracting nozzles 21 made transferrable 

is up and down relative to the head 23 and rotatable about the R axis (nozzle center axis). The mounting member 22 is, 
while being provided with a nut portion 17, equipped with a head raising/lowering servomotor 24, and the head 23 is 
equipped with an attracting nozzle raising/lowering servomotor 26 and an attracting nozzle rotating R axis servomotor 
28. The head raising/lowering servomotor 24 and the attracting nozzle raising/lowering servomotor 26 constitute up- 
down driving means for the attracting nozzle, and the R-axis servomotor 28 constitutes rotation driving means. 

20 The servomotors 24, 26 and 28 are provided with position detecting means 25, 27 and 29 respectively. Further, 

interference position detecting means (See Fig.5) for detecting the interference position of the attracting nozzle 21 with 
the component feeding section 4 is installed on the head unit 5. 

On the lower end portion of the head unit 5 is installed a laser unit 31 constituting optical detecting means. This 
laser unit 31 serves both as means for detecting the nozzle diameter described later and as means for detecting the 

2S projection width of a chip component, and has a laser beam producing portion (parallel ray emitting portion) 31a and 
a detector (ray receiving portion) 31b facing each other with an attracting nozzle positioned therebetween (See Fig. 
7). The detector 31b is constituted of a CCD. 

At a suitable position within the moving range of the head unit 5 on the base 1 is installed a nozzle exchange 
station 34 which, as shown in Fig.4, is provided with a nozzle clamp plate 35, a nozzle holding portion 36 disposed on 

30 the plate 35 to releasably hold a plurality of kinds of attracting nozzles 21 having different external form feature quantities 
such as nozzle diameters, etc., nozzle distinguishing sensors 37 for distinguishing the existence of the nozzles, raising 
/lowering cylinder 38, etc. When exchanging attracting nozzles, the head unit 5 is transferred to the position corre- 
sponding to this nozzle exchanging station 34 so that the attracting nozzles 21 may be exchanged between both. 
Fig.5 shows an embodiment of the control system in which the servomotors 9, 15, 24, 26 and 28 for the X direction 

35 transfer, for the Y direction transfer, for raising/lowering the head on the head unit, for raising/lowering attracting nozzles 
and for rotation about the R axis, respectively, and position detecting means 10, 1 6, 25, 27 and 29 respectively for the 
sevomotors above are electrically connected to the axis controller (driver) 41 of the main controller 40. The laser unit 
31 is electrically connected to the laser unit processor 32 which is in turn connected to the main processor 43 through 
the input/output means 42 of the main processor 43 Further, the interference position detecting means 30 is connected 

40 to the input/output means 32. The main controller 40 is provided with nozzle feature quantity memory means 44 which 
stores the external feature quantities corresponding to the kind of the attracting nozzles 21 , more practically saying, 
stores a table of the nozzle diameter corresponding to the kinds of the attracting nozzles 21. 

The main processor 43 carries out various processing operation required for attracting and mounting chip compo- 
nents during the main operation for attracting from the component feeding section 4 and mounting chip components 

45 on the printed substrate 3 at the predetermined positions by the head unit 5, while, in the stage of the preparatory 
operation for installing the attracting nozzle 21 on the head unit 5, carries out nozzle element detecting operation for 
detecting the elements representing the form or position of the attracting nozzle installed on the head unit and deciding 
or setting operations for the attracting nozzle on the basis of this nozzle element detecting operation. In this embodi- 
ment, as the nozzle element detecting operation in the preparatory operation, the external feature quantities of the 

so attracting nozzle 21 installed on the head unit 5 [practically, the nozzle diameter) is detected by the laser unit 31 , and 
decides whether the attracting nozzle is a proper one or not by comparing the detected value with the nozzle diameter 
of the proper attracting nozzle (attracting nozzle to be selected according to the kind of the chip component 20 to be 
attracted and mounted) read out of the nozzle feature quantity memory means 44. Thus, the main processor 43 con- 
stitutes comparing deciding means. 

55 Fig.6 shows the process for exchanging the attracting nozzle 21 and deciding whether the exchanged nozzle is 

proper or not in the preparatory stage for attracting and mounting components as a flow chart. The operation in this 
flow chart is described referring to operation explanatory illustrations of Figs.7(a) and 7(b). 

In this operation, first the head unit 5 is transferred to the nozzle exchange station 34 at the step S1 , and the nozzle 
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is exchanged at the next step S2. Then, the attracting nozzle 21 is transferred to the position at which the nozzle 
diameter can be recognized at the step S3, that is, into the state in which the portion of the attracting nozzle near the 
tip end thereof corresponds to the laser unit 31 . 

In this state, the nozzle diameter is detected by the laser unit 31 (step S4). That is, as shown in Fig7(b), laser 

5 beam (arrow mark) is emitted from the laser generator 31a, and the projection width of the attracting nozzle, i.e., the 
nozzle diameter of the attracting nozzle, is detected by the detector 31b receiving the laser beam. 

At the next step S5, the detected value above of the nozzle diameter is compared with the set value for the proper 
attracting nozzle read out of the nozzle feature quantity memory means 44, and the nozzle exchanged is decided to 
be normal when the detected nozzle diameter is equai to the set value (step S6) or to be abnormal when the detected 

io nozzle diameter is not equal to the set value (step S7). When the exchanged nozzle is found abnormal, the abnormality 
will be indicated by a pilot lamp, etc., and the attracting and mounting operations thereafter will be suspended. 

In the case where an improper attracting nozzle is installed by mistake when exchanging the attracting nozzle, 
this exchange abnormality is made clear by the process shown in this flow chart. 

Fig.8 shows a series of processes from attraction to mounting of a chip component after the processes on the 

is preparatory stage described above as a flow chart including processes for correcting errors caused by scattering of 
the position and direction of the chip component at the attraction. The processes in this flow chart is described hereafter 
also referring to Figs.9 through 11. 

While the attracting nozzle 21 is supplied with attracting vacuum by vacuum producing means not shown here at 
the first step S11, it is transferred in the X axis and Y axis directions and its rotation about the e axis are started by 

20 actuating respective servomotors at the step S12. At the step S13, it is examined in succession whether the center 
coordinates (X, Y and 0) of the attracting nozzle 21 have come into the positional range predetermined for attraction. 
When having come into the predetermined positional range, the head unit 23 is lowered at the step S1 4, the attracting 
nozzle 21 is also lowered at the step S1 5, a chip component 20 is attracted to the attracting nozzle 21 from the feeder 
tape 4a of the component feeding section 4 at the step S16, then the attracting nozzle 21 is raised at the step S17, 

25 and also the head 23 is raised at the step S1 8. 

At the step S1 9, it is examined whether the attracting nozzle 21 has reached a height for escaping out of the range 
of its interference with the component feeding section 4, and the steps S17 through 19 are repeated while it does not 
reach the height above. When has escaped out of the range of its interference, the head unit 5 is transferred to the 
component mounting position at the step S20, and the attracting nozzle 21 is raised to the chip component recognizing 

30 height at the step S21 , that is, to the height at which the chip component corresponds to the laser unit 31 as shown in 
Fig.9. In this state, while the attracted state of the chip component is examined, processes for obtaining mounting 
position correction amounts (steps S22 through S28) are carried out. To assure the detection of the minimum projection 
width (described later), etc., it is preferrable to preliminarily rotate the attracting nozzle 21 prior to the step S22 in a 
sense contrary to that of the rotation for detection. 

35 At the step S22, the projection width W s , center position C s and the rotation angle 9 S at that time are detected. At 

the step S23, the component projection width is detected in succession while rotating the attracting nozzle 21 in a 
predetermined sense. When it is decided that the attracting nozzle 21 has been rotated by a definite rotating angle 9 6 
at the step S24, the minimum value W mln of the projection width, the center position C m and the rotation angle 6 m at 
the minimum projection width are read in at the step S25. Then, it is decided at the step 26 whether the component 

40 attraction is normal or not on the basis of the detected data, the component is discarded at the step S27 if not normal, 
and the mounting position correction amounts X,., Y c and 9 C in the X, Y and 8 directions, respectively, are calculated 
on the basis of the detected data at the step S28. 

At the step S26 above, it is decided whether the chip component is attracted normally as shown in Fig.10(a) or 
abnormally in erected states as shown in Figs.10(b) and 10(c). Practically, it is examined whether the following equa- 
ls tions hold or not, and the attracted state is decided to be abnormal if any one of following equations holds. The value 
a in the equations is a safety factor. 

[eq. 1] W min < (length of shorter side of component) X (1 - a ) 
so w min > ( |en 9 tn of lon 9 er side of component) X (1 + a) 

rn & 

e=e ft 

on o 

55 The correction amounts X^., Y c and 9 C is calculated at the step S28 as follows: 

As is clearly seen in Fig.11, when the chip component 20 is attracted in a state with its longer side directed in the 
X axis direction, the correction amounts Y c in the Y axis direction and 9 C in the 0 direction among the component 
mounting position correction amounts ^ Y c and 9 C are given by: 
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[eq.2] Y c = C m -C N ,and 

e„ = e m , 

c m 

5 where C N represents the center position (attracting point) of the attracting nozzle, and is a known value. 

In Fig. 1 1 . 0 is the center point ot the attracting nozzle, b and B are chip component center points in the initial state 
and in the minimum projection width state, respectively, and Aa0b=AA0B. 
When taken as follows: 



10 L AB : 


length of the segment AB, 


La,,: 


length of the segment ab, 


Lao: 


length of the segment AO, 


L ao : 


length of the segment aO, 


Y ab : 


projection length of the segment ab on the Y axis, and 


' s Y ae : 


projection length of the segment aO on the Y axis, 



[eq.3] C N -C s = Y a0+ Y ab , 
20 [eq-4] Y aQ = ^5^+05), and 

[eq.5] Y ab = L ab cos(e m+ e s ). 

Since L^q = L AO = Xc, and L ab = L AB a C N - C m , Xq is derived from the equations above as shown in the following 
equation: 

25 [eq. 6] ^ = {(C N - C s ) - (C N - C m )^os(e m+ 0 s )}/sin(0 m + 9 8 ). 

When the calculation at the step S28 is completed, the head unit 5 is transferred to the corrected component 
mounting position at the step S29, and it is decided at the step S30 whether the center coordinate G(X, Y, 9) of the 
chip component has reached the mounting position range on the printed substrate 3 or not. If reached, the head 23 is 

30 lowered at the step S31 , the attracting nozzle 21 is also lowered at the step S32, then, when the height of the attracting 
nozzle 21 has reached the predetermined height range at the step S33, the vacuum is cut off at the step S34 to mount 
the chip component 20 on the printed substrate 3. Thereafter, the attracting nozzle 21 is raised at the step S35, and 
the head 23 is also raised at the step S36. 

According to the method as shown in the flowchart of Fig.8, while the chip component 20 is attracted and mounted 

35 on the printed substrate 3, even if errors of direction and position of the chip component 20 are caused by scattering 
thereof, correction amounts corresponding to the errors are obtained in the processes at the steps S21 through S28 
and the mounting position is corrected accordingly, and the chip component 20 is mounted accurately. 

Since these operations are carried out while the chip component is being transferred to the mounting position after 
attraction, a series of operations from attraction to mounting are carried out efficiently. 

40 Further, since the attracting nozzle 21 and the head 23 holding the nozzle 21 are both raised and lowered by 

respective servomotors 24 and 26, lowering (steps S14 and S15) and raising (steps S17 and S18) for attraction and 
lowering (steps S31 and S32) and raising (steps S34 and S35) for mounting are speeded up, which further improves 
the work efficiency. 

At the step S26 of the flow chart of Fig.8, it is decided whether the component attraction is normal or not for a 
4S usual chip component 20 having its length of the shorter side different from its thickness, and the chip component 
attraction is decided to be normal if the minimum value of the projection width W m(n is nearly equal to the length of the 
shorter side. 

However, among various chip components 20, there may be special shape chip components 20 having its length 
of the shorter side and its thickness nearly equal to each other. When such a component is used, even if the minimum 
so value of the projection width is examined, it is impossible to distinguish the abnormal case where the component is 
erected making the thickness t be regarded as the minimum value W mjn of the projection width from the normal case 
where the shorter side length 1 becomes the minimum value W mjn of the projection width. 

As a measure to such cases, it will do to modify part of the method shown in Fig.8 as shown in Fig.1 3. That is, a 
step S250 for calculating the X direction length of the component 20 is inserted between the steps S25 and S26, 
55 it is decided at the step S26 whether the component attraction is normal or not using the length L^j, then the processes 
of the step S27 or the steps 528 and thereafter are carried out. 

The X direction length L hj of the component 20 is calculated at the step S250 as follows: 

Taking, in Fig.11, 
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Lij(=ki): 



Lhi(=L HI ): 



X direction length of the component (length of the line segment hi equal to the length of the line 
segment HI), and 

length of the line segment ij (length of the line segment IJ), 



5 



W s is given by: 



w 



[eq. 7] W s = L hr sin(9 m + 9 S ) + L^os(6 m + 6 S ) 
as shown in Fig.11. Since Ljj = L rj = W mln , the X direction length of the component is obtained by 

[eq. 8] L hj = {(W s - W m|n .cos(e m + 0 s )}/sin(G m + 6 8 ). 



Since this X direction length of the component obtained above is to be the length of the longer side of the 
component if the component is attracted normally, in addition to the conditions in the decision at the step S26, if 



where p is a safety factor, the component attraction is decided abnormal. 

Although the laser unit 31 installed on the lower end portion of the head unit 5 is utilized both for detecting the 
nozzle diameter and for detecting the chip component projection width for mounting position correction to simplify the 
20 structure, another optical detecting means for detecting the nozzle diameter may be equipped separately from the 
optical detecting means for detecting the chip component projection width. In this case, the optical detecting means 
for detecting the nozzle diameter may be so equipped fixedly near the nozzle exchanging station that the nozzle di- 
ameter may be detected with the head unit 5 transferred to this position. 

Fig. 14 shows another main controller 40 in the control system for a component mounting apparatus. Although 
2S omitted in Fig. 14, various servomotors, position detecting means, laser unit processor, etc., to be connected to this 
main controller 40 are similar to those shown in Fig.5. 

The main controller 40 above is provided, while being provided with an axis controller 41 , input/output means 42 
and main processor 43, with memory means 45. 



The main processor 43 carries out various calculation processes required for the attracting and mounting opera- 



30 tions for the chip components 20 as controls for the main operation of the component mounting apparatus. Further, 
the main processor 43 constitute reference nozzle height detecting means 51 by, as nozzle element detecting process 
and the process based thereon in the preparatory operation stage, detecting the reference nozzle height which is the 
nozzle height obtained when the attracting nozzle tip end is brought to a position corresponding to the laser unit 31 by 
raising/lowering the attracting nozzle 21 and storing this height in the memory means 45. Further, it constitutes height 

35 setting means 52 by, when deciding the chip component attraction state by the deciding means 53 on the basis of the 
detection of the projection image of the chip component made by the laser unit after the chip component attraction 
during the main operation, setting the height position of the attracting nozzle on the basis of the reference nozzle height. 

Further, the main processor 43 constitutes rotation center detecting means 54 by detecting, on the basis of the 
data obtained when detecting the projection image of the attracting nozzle by the laser unit 31 while rotating the at- 

40 trading nozzle 21 on the preparatory operation stage, and storing the rotation center of the attracting nozzle 21 in the 
memory means 45, while it constitutes correcting means by obtaining the discrepancies of the attracted position of the 
chip component on the basis of the data of the projection width of the chip component 20 obtained by the laser unit 
31 while rotating the attracting nozzle 21 after chip component attraction in the main operation, and calculating the 
mounting position correction amounts coorresponding to the discrepancies above. 

45 On this embodiment system, after the attracting nozzle 21 is installed on the head unit 5, the function as the 

reference nozzle height detecting means 51 is carried out by the process shown in Fig.15, and the function as the 
rotation center detecting means 54 is carried out by the process shown in Fig.18. Although the control during the main 
operation is carried out as shown in the flow chart of Fig.8, the reference nozzle height detected by the reference 
nozzle height detecting means 51 and the rotation center detected by the rotation center detecting means 54 are used 

so in the process of the steps S21 through S28 in this flow chart. 

These processes are described hereafter referring to Figs.16, 17 and 19 through 21. 

In the process of the reference nozzle height detecting means 51 shown in the flow chart of Fig.15, after installed 
on the head unit 5, the attracting nozzle 21 is raised at the step S41 from the state at the lowered position shown in 
Fig. 1 6(a) by actuating the nozzle raising/lowering means such as the nozzle raising/towering servomotor 26 or the like 
55 for raising/lowering the attracting nozzle 21 relative to the head unit 5 in the Z axis direction. At the next step S42, the 
projection of the attracting nozzle 21 is detected by the laser unit 31 and it is decided whether this projection of the 
attracting nozzle 21 has vanished or not. While the tip end of the attracting nozzle 21 is lower than the laser beam 
(shown in a broken line in Fig.16) emitting position, since the projection of the attracting nozzle 21 is detected and the 



[eq. 9] L hj < (longer side length of the component) X (1 - P), or 



15 



L hi > (longer side length of the component) x (1 + 0), 
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decision at the step S42 is "NO", the program is returned to the step S41 to continue raising the attracting nozzle 21. 

When the attracting nozzle 21 is raised to the position shown in Fig.6(b), namely to the position at which the tip 
end of the attracting nozzle 21 passes the laser emitting position of the laser unit 31, the laser beam begins not to be 
intercepted by the attracting nozzle 21 to make the decision at the step S42 "YES", and the procedure proceeds to the 
s step S43 to store the Z axis coordinate Zq at that time in the memory means 45 as the reference nozzle height. 

The reference nozzle height Z Q is used for setting the recognizing height in the process (step S21) for raising the 
attracting nozzie 21 up to the recognizing height to decide the component attracting state, etc., on the basis of the 
detection of the projection of the chip component 20 in the process of the main operation shown in the flow chart of 
Fig.8. That is, taking the height from the upper end attracted surface of the chip component 20 to its region suitable 
10 for component recognition as H (See Fig.1 7), the recognizing height at the step S21 is determined as [Z^ - H] from the 
height H and the reference nozzle height Zq above (provided that the downward direction is positive for the Z axis), 
and the attracting nozzle 21 is raised up to this height. 

By such operations, the processes of the steps S22 through S28 are carried out correctly That is, although a value 
preset according to the kind, etc., of the attracting nozzle can be used for setting the recognizing height, if only the 
is preset value is used, the laser irradiating position of the chip component may be shifted from the proper position in the 
case where some scattering is caused in the nozzle height by an assembly error or the like. On the contrary, in this 
embodiment, the recognizing height is correctly adjusted by setting the recognizing height on the basis of the reference 
nozzle height Z 0 detected on the preparatory stage even if scattering of the reference nozzle height Z 0 is caused by 
assembly error, and processes of projection width detection and decision based thereon (step S26), correction (step 
20 S28), etc., will be carried out correctly. 

Further, in the process of the rotation center detecting means 54 shown in the flow chart of Fig.18, the attracting 
nozzle 21 is raised/lowered in the Z axis direction (steps S51 and S52) by actuating the raising/lowering means until 
the tip end portion of the attracting nozzle 21 reaches the height position corresponding to the laser emitting position 
of the laser unit 31 . Then, when the height position above is reached, while the attracting nozzle is rotated from 0 to 
25 360 degrees by actuating the R axis servomotor 28 as rotation driving means, the center value of the attracting nozzle 
21 is measured on the basis of the detection of the projection of the attracting nozzle 21 made by the laser unit 31, 
and is temporarily stored in the register (step S53). 

In this case, if the attracting nozzle 21 is installed obliquely relative to the R axis or if it is bent, the center 0* of the 
attracting nozzle does not coincide with the rotation center 0, and, if the attracting nozzle 21 is rotated in this state, the 
30 nozzle center 0' is moved circularly as shown in Fig.20, and the nozzle center 0* moves as shown in Fig.20 and the 
change of the nozzle center position in relation to the rotation angle becomes wavy as shown in Fig.21. 

Therefore, at the step S54, the values of the nozzle center positions l^. detected while the attracting nozzle 21 is 
once rotated are compared with one another, their minumum and maximum values and N cmax are abstracted, 
then, at the step S55, the rotation center of the attracting nozzle N TO is calculated as follow: 



This rotation center is used in the process (step S28) as the correcting means for obtaining the component 
mounting position correction amounts Xc, Y c and e c on the basis of the detection of the projection of the chip component 
20 in the proccess of main operation shown in the flow chart of Fig.8. Practically, while the correction amounts Xc. Y c 
40 and arG obtained by the calculating equations [eq. 2] through [eq. 6] above, CN included in the calculating equations 
is made the rotation center above, that is, in this embodiment, the calculations of the correction amounts Xq, Y c 
and 6c are calculated by the calculating equations [eq. 2] through [eq. 6) after included in the calculating equations 
is made N w that is, after C N is substituted by as C N = N^. 

By such calculations, the accuracy of the component mounting position correction is improved. That is, even in 
45 the case where there is some discrepancy between the nozzle rotation center 0 and the nozzle center 0' because of 
the inclination of the attracting nozzle 21 caused by assembly error or because of the nozzle bend, the rotation center 

of the attracting nozzle 21 is correctly obtained by the process as the rotation center detecting means 54 on the 
preparatory stage, and the discrepancy between the nozzle rotation center 0 and the chip component attracting position 
and the correction amount therefor will be detected correctly on the basis of this value by the process as the 
so correcting means at the step S28. 

Although the example shown in Fig. 14 is adapted for detecting the reference nozzle height and the nozzle rotation 
center by the reference nozzle height detecting means 51 and the rotation center detecting means 54, respectively, in 
the preparatory stage, which may be detected in the preparatory stage according to the requirement. Further, the 
decision whether the proper attracting nozzle 21 is installed or not on the basis of the nozzle diameter detection as 
55 shown above the detection of the reference nozzle height and the detection of the nozzle rotation center may be carried 
out collectively in the preparatory stage. 

According to the component mounting method described above since the nozzle elements detecting process for 
detecting the elements representing the form or position of the attracting nozzle installed on the head unit is carried 
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out after the attracting nozzle is installed on the head unit in the preparatory operation, and the deciding or setting 
process for the attracting nozzle is carried out on the basis of this nozzle elements detecting process, even in the case 
where there was miswork or assembly error when installing the attracting nozzle on the head unit, decision or adjust- 
ment for them can be made appropriately and various trouble caused by the miswork, etc., above can be prevented. 

5 Moreover, according to the component mounting method described above and the apparatus for embodying this 

method, since the external form feature quantities of the attracting nozzle installed on the head unit are detected on 
the preparatory stage, and it is decided thereon whether the attracting nozzle installed is a proper one or not, even in 
the case where an improper attracting nozzle is installed on the head unit, it is possible to distinguish it from the proper 
one, and troubles such as defective attraction caused by using an improper attracting nozzie can be prevented. 

io Further, according to the component mounting method described above and the apparatus for embodying this 

method, since the reference nozzle height at which the tip end of the attracting nozzle is brought to the position cor- 
responding to the optical detecting means is detected and stored after the attracting nozzle is installed, and the attracting 
nozzle is adjusted to the height obtained on the basis of the reference nozzle height above when detecting the projection 
of the chip component by the optical detecting means in the main operation, even if there is scattering in the attracting 

is nozzle height positions because of assembly error, etc., the detection of the projection of the chip component made 
by the optical detecting means and the decision of the chip component attracted state based thereon can be carried 
out accurately. 

In this method, if the projection width of the chip component is measured while rotating the nozzle attracting the 
chip component thereto within a definite rotational range to obtain the minimum projection width, maximum projection 

20 width and the rotation angle corresponding to the minimum projection width, and it is decided that the chip component 
attracted state is defective in any of the cases where the projection width minimum value is smaller than the lower limit 
side reference value, where the projection width maximum value is larger than the upper limit side reference value and 
where the rotation angle corresponding to the minimum projetion width does not exist within the definite rotation range 
above as the process for deciding the chip component attracted state, the chip component attracted state can be 

25 decided accurately. 

Further, according to the component mounting method described above and the apparatus for embodying this 
method, since the rotation center of the attracting nozzle is detected and stored after the attracting nozzle is installed 
and, in the main operation thereafter, the discrepancy of the attracted position of the chip component is obtained on 
the basis of the projection of the chip component detected by the optical detecting means while rotating the attracting 
30 nozzle and the rotation center above, the component mounting position can be corrected accurately. 



Claims 

35 1 . Method of mounting chip components (20) at specific positions, preferably on a substrate such as a printed circuit 
board, comprising a main operation, including the steps of attracting said component (20) by an attracting nozzle 
(21 ) associated with a moveable head unit (5) from a components supply unit (4) transferring the chip component 
(20), placing same in a detection area of an optical detecting means (31) and mounting the component at the 
desired position, and a preparatory nozzle detecting process proceeding the main mounting operation and using 

40 said optical detecting means (31 ) for detecting whether or not the attracting nozzle (31 ) has a shape and/or position 

adapted to the chip component to be mounted characterised In that in the main operation the attracted state of 
the chip component (20) is determined by measuring the projected width (W e ) of the chip component (21) within 
the detection area (31) comprised of parallel light beams while rotating the chip component (20) and detecting a 
projected width minimum value (W min ) of the chip component 

45 

2. Method as claimed in claim 1 , characterised In that in the projected width measurement of the main operation 
the chip component (20) is rotated by a definite rotation angle range (8 e ), a rotation angle (0 m ) corresponding to 
the minimum value of the projected width (W mln ) is detected and the attracted state of the chip component (20) is 
evaluated to be defective either when the projected width minimum value (W mln ) is smaller than a bwer limit 

so reference value which is set smaller by a predetermined mount than the shorter side of the chip component (20) 

and/or when the projected width minimum value (W mlft ) is larger than a higher limit reference value which is set 
larger by a predetermined amount than the longer side of the chip component (20), and/or when the rotation angle 
(e m ) corresponding to the projected width minimum value (W rah ) is outside the predetermined definite rotation 
angle range (8 e ). 

55 

3. Method as claimed in claim 1 or 2, characterised by calculating the correction amount (xc,yc,9 c ) regarding the 
mounting position of the chip component (20) on the basis of projected width data: centre position (Cm) and the 
rotation angle (9 m ) at the minimum projected width (W mln ), and the centre position (Cm) of the attracting nozzle. 
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4. Method as claimed in at least one of the proceeding claims 1 to 3, characterised by evaluating the attracted state 
of a special shaped chip component (20) having its length of the shorter side and its thickness nearly equal to 
each other to be defective either when a calculated x-direction length (L^) of the component is smaller than the 
longer side length of the component which is set smaller by a predetermined lower safety value (1 - p), and/or 

s when the calculated x-direction length (L^) of the chip component (20) is larger than the longer side length of the 

component (20) which is set larger by a predetermined higher safety value (t + p) wherein the x-direction is defined 
to be in line with the parallel light beams. 

5. Method as claimed in at least one of the preceding claims 1 to 4, characterised In that in the preparatory nozzle 
10 detecting process it is decided whether a certain attracting nozzle (21 ) installed is a proper one or not by comparing 

a detected external shape feature value with a set value indicative for the proper attracting nozzle (21), wherein 
the shape and/or position of the attracting nozzle (21 ) which is installed on the head unit (5) comprises said external 
shape feature value adjusted to the shape of the chip component (20) to be mounted. 

15 6. Method as claimed in claim 5, characterised In that in the preparatory nozzle detecting process the nozzle di- 
ameter is detected as the external shape feature value. 

7. Method according to at least one of the preceding claims 1 to 6, characterised in that the preparatory nozzle 
detecting process is performed for a plurality of attracting nozzles, the correct place and/or orientation being de- 

20 cided for each nozzle. 

8. Apparatus for mounting chip components (20) at specific positions, preferably on a substrate such as a printed 
circuit board, comprising a moveable head unit (5) supporting an attracting nozzle (21) for attracting a chip com- 
ponent (20) by vacuum suction and transferring the same from a component supply side (4) to a component mount- 

25 jng side, optical detecting means (31 ) for detecting a shape and/or a position of the chip component and for de- 

tecting whether or not the attracting nozzle has a shape and/or a position adapted to the chip component to be 
mounted, and a main control unit (43) for controlling the mounting operation, characterised In that the optical 
detecting means (31 ) includes means for detecting the projection of the chip component (20) by parallel light beams 
emitted from a beam emitting portion (31a) and received by a light beam receiving portion (31b) provided on the 

30 head unit (5), the apparatus further comprising means (26) for raising or lowering the attracting nozzle (21 ), servo 

motors for moving the nozzle (21) and the chip component (20) attracted thereto within the parallel light beams in 
a direction in line with the parallel light beams and in a direction perpendicular thereto, means for rotating the 
nozzle (21 ) and the chip component (20) attracted thereto, and calculating means for calculating projected width 
data, while position detection means detect the rotational position of the chip component which is varied in order 

35 to measure the projected width minimum value of the chip component. 

9. Apparatus as claimed in claim 8, characterised In that said optical detecting means detects the diameter of the 
attracting nozzle (21), nozzle feature quantity memory means (44) is provided and in that said main control unit 
(43) compares the detected diameter value with the nozzle diameter of the proper attracting nozzle (21) adapted 

40 to the chip component (20) to be mounted. 

10. Apparatus as claimed in claims 8 or 9, characterised by a plurality of attracting nozzles, said main control unit 
(43) decides for each nozzle the correct place and/or orientation and said memory means (44) includes nozzle 
feature quantity data for each nozzle. 

45 
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